We evaluated the responsiveness of patient questionnaires and physical testing in the assessment of recovery after distal radius fracture. Patients (n ϭ 59) were assessed at their baseline clinic visit and again 3 and 6 months after injury. At each visit patients completed a short form-36, Disability of the Arm, Shoulder, and Hand questionnaire, and patient-rated wrist evaluation (PRWE). At 3 and 6 months grip strength, range of motion, and dexterity were analyzed. Standardized response means (SRM) and effects sizes were calculated to indicate responsiveness. The PRWE was the most responsive. Both the PRWE (SRM ϭ 2.27) and the Disability of the Arm, Shoulder, and Hand (SRM ϭ 2.01) questionnaire were more responsive than the short form-36 (SRM ϭ 0.92). The physical component summary score of the short form-36 was similar to that of the physical component subscales. Questionnaires were highly responsive during the 0-to 3-month time period when physical testing could not be performed. Of the physical tests, grip strength was most responsive, followed by range of motion. Responsive patient-rating scales and physical performance evaluations can assist with outcome evaluation of patients with distal radius fracture. (J Hand Surg 2000;25A:330 -340. 
Fracture of the distal radius (DRF) is a common injury. 1 There are a wide variety of treatment options for DRF; these vary according to a number of patient factors, injury characteristics, and clinician preferences. 2 Until recently, the majority of studies that evaluated outcome after treatment used either observer-based scales that have not been tested for reliability/validity 3 or measures of physical capability (range of motion [ROM] and grip strength). With the development of a number of patient-rating scales that focus on general health/quality of life, 4 upper extremity quality of life, 5 or wrist pain and dis-ability 6, 7 it has been possible to evaluate the impact of injury and treatment from the patient's perspective. Recent reports have started to report generic health outcomes such as the short form-36 (SF-36) physical and mental component summary scales. 8 Responsiveness is the ability to detect important clinical changes and may be considered one form of validity. 9 Various indices have been defined to describe instrument responsiveness. 10 -12 It is known that different indices can provide a different ranking of instruments. 10 Responsiveness indices relate the observed clinical change to the background noise in a number of ways. The standardized response mean (SRM) is calculated as the average change score (initial evaluation to follow-up) divided by the standard deviation of the change scores. 12, 13 Another commonly used responsiveness index is effect size (average change divided by standard deviation of initial scores). 12, 14 The SRM is thought to be a superior index of responsiveness because it is not influenced by sample size, 12 whereas effect size is more related to magnitude of clinical change.
14 Both are commonly reported in the literature regarding instrument responsiveness.
Responsiveness is a critical measurement property for evaluative tools; despite this, there is little evidence on the relative responsiveness of currently used outcome measures for DRF. Amadio et al 15 studied the relative responsiveness of 3 questionnaires and physical performance measures in 21 consecutive patients treated for Colles' fracture. Patients were tested when their immobilization device was removed and again 3 months later. The physical examination included static grip and pinch, sensation, dexterity, and ROM testing using the NK Hand Evaluation System (NK Biotechnical Engineering, Minneapolis, MN). These measures were expressed as absolute scores from the affected extremity. The SF-36, a modified arthritis impact measurement scale (AIMS2), and a modified Brigham and Women's carpal tunnel instrument (Boston, MA) were completed on both occasions. The responsiveness of these instruments in evaluating 3-month recovery after a wrist fracture is listed in Table 1 . The highest responsiveness was found for several function-related subscales of the questionnaires and motion and dexterity testing. This study concluded that questionnaires provide a responsive method to detect clinical change.
Although this study provides valuable information regarding evaluation of DRF, a number of issues require further development. First, because it is a between-patient variability, efforts to reduce the background noise, which limits the ability to detect clinical change, may enhance responsiveness. Certain physical capability measures, such as grip strength and dexterity, are subject to high levels of intersubject variability within a normal population. This was illustrated by Amadio et al, 15 who reported standard deviations exceeding mean values for grip, pinch, and sensation absolute scores. Grip strength is commonly used as an outcome measure after upper extremity injury. It is routine clinical practice to express affected hand strength as a percentage of the unaffected hand strength. By expressing data as a percentage of the alternate side, impairments are made more obvious and each patient acts as his or her own control, reducing the intersubject variability of these physical performance measures. Previous studies of responsiveness have used raw grip strength scores. 15, 16 It is useful to know whether the clinical practice of using ratios provides a more responsive outcome measure.
Upper extremity measures such as the Disability of the Arm, Shoulder, and Hand (DASH) questionnaire 5 and the patient-rated wrist evaluation (PRWE) 6, 7 have only recently been reported. Amadio et al 15 modified a carpal tunnel instrument and an arthritis instrument to obtain musculoskeletal scales relevant to DRF. Given the recent availability of validated upper extremity instruments, it is appropriate to determine whether these instruments provide more favorable responsiveness than modified or generic measures.
Finally, generic scales themselves have continued to evolve. The SF-36 was traditionally scored using 8 individual subscale scores. While these scales continue to have value for certain applications, a single global physical score has advantages for data analysis and reporting of outcomes. With the development of the physical (and mental) component summary scores 17 this option is now available for SF-36 users. It is important to compare the responsiveness of the global summary score of physical health (ie, the physical component summary score) with the SF-36 subscales most relevant to DRF (physical function, physical role, and bodily pain).
The purpose of this study was to increase our understanding of these measurement issues by evaluating the responsiveness of physical performance measures (grip, motion, and dexterity) and 3 patientrated instruments (SF-36, DASH, and PRWE). 
Materials and Methods

Patient Testing
Patients with wrist fractures (n ϭ 59 for whom all questionnaires were completed at all 3 visits) were tested on 3 occasions. All patients signed consent forms approved by the local university ethics board. Primary emergency care took place either in local or outlying hospitals. The baseline orthopedic clinic visit and definitive treatment occurred within the first 10 days after fracture. Patients were assessed again at 3 and 6 months after injury. At all visits the patients completed the SF-36, 17 the DASH, 5 and the PRWE. 6 Immobilization devices were removed before the 3-month visit; thus, physical performance measures were incorporated at that time. Patient characteristics are presented in Table 2 .
Outcome Instruments
Questionnaires SF-36. The SF-36 is a widely used general health/ quality of life index with 8 subscales for domains of health and 2 summary scores. 4, 17 It also has been used to evaluate a wide variety of physical and mental pathologies and a large database of normative data is available through the Medical Outcomes Trust. 4, 17 The scale has 8 subscales that portray various domains of health/quality of life: physical function, physical role, bodily pain, vitality, general health perception, emotional role, mental health, and social function. These subscales are scored out of a maximum score of 100 (higher is better).
The physical and mental components summary scores represent the 2 main dimensions of health. These scores are calculated in a 3-step process. First, the 8 subscales are scored and standardized using mean values and standard deviations from the US population. Second, they are aggregated using weights (factor score coefficients) from the US population. Aggregate summary scores are then standardized using a linear T-score transformation to have a mean of 50 and a standard deviation of 10 in the US general population. 17 The physical domains of health and bodily pain are most conceptually relevant to DRF; their responsiveness in DRF assessment has been previously reported. 15 Based on these reasons, these subscales (physical function, physical role, bodily pain) and the physical component summary were evaluated as outcome measures of interest. DASH. The DASH is a 30-item upper extremity scale that measures function, symptoms, and quality of life issues related to upper extremity pathology. The majority of questions relate to functional activities requiring use of the upper extremity; the remainder include 2 items specific to pain, 1 each that addresses social life and work; 3 related to other symptoms, 1 related to sleeping, and 1 related to perceived capability. It was scored as a percentage out of 100 (0, no problems), as recommended by the Upper Extremity Collaborative Group. 5, 18 PRWE. The PRWE is a 15-item questionnaire that equally rates wrist-related pain and disability in functional activities. Functional items include 6 specific tasks and 4 questions in which the patient rates his or her ability to perform the usual level of function in the domains of self care, work, household work, and recreation. A score of 100 (0 ϭ no pain or disability) is calculated. 6, 7 Physical Performance (Impairment) Testing Static grip strength. Grip strength was measured with the NK Hand Evaluation System. Grip strength (average, 3 repetitions) was measured according to standardized methodology. 19 A grip strength score was computed as the ratio of affected to unaffected side with an adjustment for dominance (1.07 was used to adjust ratio for the effect of dominance) based on previously reported normative data. 20, 21 When no affected hand was available, normative values were used. 21 Forty points in the composite physical impairment score was allotted to grip strength. Range of motion. Range of motion was tested using computerized goniometry from the NK Hand Evaluation System. The motions tested were radial and ulnar deviation, flexion, extension, pronation, and supination. A standard dorsal technique was used for wrist flexion/extension. 22 A standard dorsal alignment along the third metacarpal and the forearm, with the wrist as a fulcrum, was used for wrist deviations. 23 Forearm rotation was measured using a perpendicular axis and either the proximal wrist crease or just proximal to the ulnar head as landmarks for placement of the moving arm of the goniometer. 24 Range of motion capability was classified into a 30-point score based on the system presented in Table 3 . Dexterity. A brief dexterity test was selected to detect gross impairment of ability to manipulate objects with the radial side of the hand, such as might occur with a median nerve insult, joint stiffness, or other fracture complications. Dexterity was assessed by the Jebson's hand function-checkers subtest (average of 3 repetitions) and compared with the unaffected side with an adjustment for dominance (1.07). 25 A total score of 15 was computed for this ratio. Physical impairment score. The total score for physical performance/impairment (of 85 points) was the sum of these 3 components; a higher score represented better physical capability.
Data Analysis
The standardized response mean and effect sizes were calculated between baseline and each of the follow-up visits. 12 A paired t-test was used to determine whether the SRM was statistically different between questionnaires.
Results
Over both the 0-to 3-month and 0-to 6-month time periods, the PRWE SRM was larger (more responsive) than the DASH (p Ͻ .001) or the SF-36 (p Ͻ .0001) SRMs (Table 4 ). The DASH SRM was more responsive than the SF-36 SRM over these same time frames (p Ͻ .0001). This trend was also observed for effect sizes. A larger clinical effect was observed during the first 3 months of treatment than during the second 3 months of treatment, as noted by the smaller effect sizes and SRMs observed. Differ- Full tight fist with no lag Score according to scale above. When ROM is not available from neutral, subtract half the number of degrees away from neutral from the available ROM, ie, extension from 20°to 40°ϭ 20°-10°penalty for distance away from neutral. The active ROM score given for 10°degrees is 1 point. The total active ROM score equals the sum of the above (maximum of 30).
ences between questionnaires were smaller and not statistically significant during the second interval. The physical impairment score, however, which could not be measured at baseline, was more responsive than the questionnaires over the 3-to 6-month time period (p Ͻ .001).
Of the components of the physical impairment score, grip was most responsive, followed by ROM. Of the subscales of the PRWE and SF-36, function subscales were more responsive over the 0-to 3-month period, whereas pain and function were similar over the 3-to 6-month period.
Discussion
The results of this study demonstrate that questionnaires that were more specific to the wrist were more responsive in detecting clinical change. The largest change in outcome scores was observed between the baseline measurement and the 3-month follow-up examination. Baseline measurements can be taken immediately with questionnaires, but measures of physical performance must await fracture healing and removal of external hardware. Thus, questionnaires provide important information regarding patient status at a time when physical measurements cannot be assessed. The availability of wrist-specific (PRWE) and upper extremity-specific (DASH) instruments that have demonstrated responsiveness allows clinicians and researchers options in outcome instrument selection.
The responsiveness observed for instruments in this study, compared with that obtained by other investigators for DRF 15 and other conditions, is presented in Table 1 . The 6-month SRMs obtained for the SF-36 were similar to those obtained 6 months after hip arthroplasty 26 or for physical role after DRF, 15 but higher than that obtained with workers treated for musculoskeletal conditions 27 or a variety of other musculoskeletal problems. 28 This finding can be attributed to the fact that DRFs are acute injuries and may experience a more uniform response to intervention and a higher amount of clinical change than more chronic musculoskeletal conditions. The joint-specific scale (PRWE) demonstrated slightly higher SRMs than reported for other disease-or joint-specific scales, including those for the shoulder, 29 carpal tunnel syndrome, 16 and arthritis. 30 Amadio et al 15 reported that the bodily pain and physical role subscales of the SF-36 showed statistically significant improvement after DRF, whereas the physical function subscale did not. We found a similar SRM for physical role (0.81 vs 0.95) but higher SRMs for bodily pain and physical function.
Amadio et al 15 reported lower SRMs for grip strength than we observed, but higher SRMs for dexterity and ROM. These differences may be partially explained by differences in measurement procedures. Both of the previous studies of grip strength responsiveness after treatment for upper extremity pathology used raw strength scores. 15, 16 We normalized grip strength measures based on the person's uninjured extremity, thus reducing the high variability commonly seen in raw strength change scores. Because these ratios are commonly used clinically and provide more favorable responsiveness, we believe they are a better way of reporting strength scores when constructing scales or reporting clinical results.
Our ROM measure was a graded composite score (Table 3) for ROM measures in 6 movements measured with the same computerized goniometer used by Amadio et al. 15 These investigators reported an SRM of 1.08, whereas we found it to be 0.84. While they did not state how ROM was measured, it appears that Amadio et al 15 measured wrist motions and computed a cumulative raw score, suggesting that graded scales for ROM may be less responsive than the raw measurements. This finding reflects the 15 reported that dexterity had a higher SRM than observed in the present study. In this study the Jebson's hand function-checkers subtest was used as a brief screening for the pronounced loss of dexterity that may occur with median nerve injury. Each repetition takes 3 to 8 seconds to perform. The NK Dexterity Test is a more detailed test contained in the computerized NK Hand Evaluation System. It involves 3 subtests (large, medium, and small objects) and takes approximately 30 minutes to complete. 31 The NK Dexterity Test is not widely available in clinics and perhaps for this reason has been infrequently reported as an outcome measure. It is apparent, however, that this more detailed test is more responsive in the evaluation of clinical recovery after treatment for DRF.
Although Amadio et al 15 reported that questionnaires tended to have greater SRMs, this was also true for a minority of the subscales of the instruments they evaluated. Thus, a variety of questions, particularly in the AIMS, addressed domains that are not affected by DRF. To minimize the patient burden associated with outcome measurement, tools with fewer items that more directly address the problems of the DRF patient should be used. Instruments with numerous items but with few scales that are responsiveness to DRF are not appropriate for use in this patient population. Clinical relevance, however, cannot be determined on the basis of responsiveness alone. Patient rating scales provide a more comprehensive view of patient status than isolated impairment measures such as grip strength ratios. Similarly, composite physical impairment scores such as the SF-36 physical component summary score or the total impairment score provide more information than the separate components. Thus, when responsiveness is considered acceptable, these measures may be selected because they provide a more global representation of outcome.
Evaluation of general health/quality of life allows consideration of the effect of upper extremity pathology on global health status. Because other elements of physical and mental health contribute to quality of life, these generic instruments are less responsive in the evaluation of DRF fracture. They provide an important perspective of the patient, however. Generic instruments may be selected as outcome measures, although they are known to be less responsive than specific measures, because they reflect a more global perspective and allow comparison of different pathologies and their relative impact on overall health.
A number of clinical issues impact the evaluation of responsiveness. The appropriate time frame over which responsiveness should be evaluated can vary, depending on the pathology, the acuity of the condition, and the time course of the anticipated treatment, which can make comparison of different studies problematic. Furthermore, different instruments may be more responsive at different aspects of recovery. For example, an instrument that focuses on pain may be more responsive in the acute phase of fracture healing but may not adequately address issues such as inability to return to normal activities. In this study, the function subscales of the PRWE were most responsive during the 0-to 3-month time period. This may reflect the definition of the "top end" of the scale. In the function subscale of the PRWE the worst score is being unable to perform an activity. The worst score on the pain scale is defined as worst (pain) ever. Patients with acute fractures that are adequately reduced and immobilized may experience mild/moderate pain but still be unable to perform functional activities. With removal of immobilization their function should increase. In fact, clinicians using the PRWE for ongoing patient management report that both pain and function tend to increase immediately after immobilization. This is not due to a lack of responsiveness in the pain scale. Conversely, the scale is reflecting a common clinical phenomenon, ie, immobilization minimizes fracture pain, whereas initiation of rehabilitation can result in a temporary increase in pain.
Another factor to consider is whether the treatment is efficacious. The magnitude of the treatment effect influences the responsiveness statistics obtained. This leads to differences between studies based on the patient sample studied. Differences in responsiveness indices, based on patient sample, are evident in the lower responsiveness reported for the generic health measures in patients with work-related musculoskeletal problems 27 than reported in this study, which sampled patients with acute injuries. This treatment magnitude effect was also illustrated in this study by the lower responsiveness indices during the 3-to 6-month time interval compared with the 0-to 3-month interval.
Because treatment effectiveness does affect responsiveness indices, some investigators separate patients who responded to treatment from those who did not. Data may be presented for the entire clinical group and/or only those who responded to treatment. 27, 30 Norman et al 11 point out that any post hoc separation of a group of patients into those who report a positive treatment effect and those who do not will result in a responsiveness ratio that is unrelated to the responsiveness coefficient. This finding is true because any group of patients will form a distribution from which high and low change scores can be partitioned, creating a ratio that is always greater than 0, even when there is no detectable average change in the patient cohort. One additional problem associated with these retrospective evaluations of responsiveness comparing improved with unchanged patients is that they are based on global visual analog scale measures of change that themselves have not been validated. 11 For this reason, dividing a cohort of patients based on their apparent response to treatment appears ill advised. In the case of distal radius fractures, the influence of patients who did not experience any positive treatment effect is minimized. Even a suboptimal treatment is more effective than no treatment in the case of bony fractures; thus, with few exceptions, patients should experience some improvement, even with inadequate reduction, suboptimal bone healing, and/or complications.
As emphasized by Stratford et al, 12 a number of study designs can be used to assess responsiveness. Most incorporate the concept of distinguishing scale performance when patients are stable versus that obtained when a meaningful clinical change has taken place. This concept is particularly important in conditions such as low back pain 12 or musculoskeletal disease, 27 in which natural history may contribute to recovery in the absence of treatment, treatments may not be effective for all patients, and secondary gain may minimize reported clinical effects. Stratford et al 12 emphasized that a research design that looks at short stability of a measure may underestimate the magnitude of random variability that occurs over the longer term in patients whose health status is truly stable. Therefore, it is important to determine whether consistent scores are obtained when the patient does not change, either over the short or long term, and whether true clinical change is reflected in a change in scores in excess of the effect contributed by background noise. It has been demonstrated that the PRWE provides consistent scores when patients are retested within either a 2-week period or when the retest occurred 1 year later in patients with stable pathology. 7 This study demonstrates that the PRWE is also responsive to real clinical change occurring over 3 or 6 months.
The joint-specific PRWE was more responsive than the DASH, which is specific to the upper extremity, and the physical component summary, which is a general physical health index. Differences between the scales may be partially attributed to the fact that the PRWE questions more clearly target the wrist and thus are more able to detect symptoms related to wrist pathology. Another difference between the scales was that they prioritize symptoms differently; for example, 2 of 30 questions on the DASH are related to pain, half of the PRWE is based on a pain score, and the bodily pain scale from the SF-36 forms a weighted part of the physical component summary. The PRWE does not describe the overall impact of pathology on general health/quality of life, but is more responsive than these generic measures. Information may be maximized by using both instruments together.
Although the PRWE had a statistically higher SRM than the DASH, the absolute difference between these 2 measures was smaller than the difference between either of these two measures and the SF-36. Furthermore, the DASH SRM compared favorably with responsiveness reported for other outcome measures in other orthopedic conditions (see Table 1 ). For this reason, the DASH was considered to have favorable responsiveness, which supports its use as an evaluative tool in upper extremity clinical practice, including DRFs. While administrative efficiency issues may dictate that a limited number of measures are used in the clinic, for clinical trials selection of the most responsive instrument (PRWE) will minimize sample size requirements. Thus, outcome measure selection is influenced not only by psychometric properties, but also by the underlying reasons for which the instrument is used.
This study demonstrated that physical performance measures that are based on affected to unaffected ratios are more responsive than 3 patient rating scales in measuring recovery after DRF during the 3-to 6-month recovery period. This reflects the importance of physical performance evaluations. It also may reflect the fact that a 3-month physical performance evaluation represents a relatively nontreated phase of physical capability in which strength and ROM deficits have not yet been addressed by therapy. Pain and disability have been partially ad-dressed at this stage due to fracture healing and removal of external hardware. Grip and ROM, which have been traditional outcome measures after DRF, were most responsive. While these measures were more responsive than patient rating scales over the 3-to 6-month time frame, this does not suggest that they should be used in isolation. They do not necessarily correspond to functional capability and therefore may not reflect outcomes that are of priority to patients. These traditional impairment measures, however, reflect important aspects of physical performance and should not be abandoned when patient ratings are incorporated into clinical outcome evaluations.
Responsiveness is one element of validity. Other elements will affect the decision to select an outcome tool. Instruments must have content validity. That is, clinicians must accept that they measure important elements of the pathologies for which they are to be used. Treatment effects can be positive, provide no benefit, or result in negative health effects. The extent to which these effects are addressed and the relative weighting of symptoms will affect the responsiveness observed. For example, one instrument could ask questions that directly measure a common complication that may be missed by other scales. If examining responsiveness statistics in isolation, one might conclude that this instrument was insensitive to clinical change when in fact it is was measuring negative clinical effects not observed by other instruments. For this reason, responsiveness must be considered as one element of validity, with other types of validity, such as face, construct, and criterion validity, being additional factors used when selecting an instrument for a specific application. Previous studies have documented the validity of the SF-36, 32 DASH, 18 and PRWE. 7 Evaluation of patient-rated outcome has become an important component of outcome evaluation. When patient questionnaires are combined with physical performance scores a more comprehensive evaluation of outcome is possible. This study provides insight into the psychometric properties of 3 patient rating scales and physical performance scores suitable for evaluation of DRF.
